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(54) COMPOSITE CARBONACEOUS HEAT INSULATOR 



(57) A composite carbonaceous heat insulator 
which comprises a carbonaceous heat-insulating mem- 
ber having a bulk density of 0.1 to 0.4 g/cm 3 , a carbon- 
aceous protecting layer having a bulk density of 0.3 to 
2.0 g/cm 3 and comprising a carbon fiber structure and 
a thermally decomposed carbon penetrated into the 
structure, and a thermally decomposed carbon coating 
layer having a bulk density higher than that of the car- 
bonaceous protecting layer, wherein the above carbon- 
aceous protecting layer is jointed to at feast a part of the 



carbonaceous heat-insulating member to form a jointed 
body, and the thermally decomposed carbon coating 
layer is formed at least on the face of the carbonaceous 
heat-insulating member in the surface of the jointed 
body; and a method for manufacturing the insulator. The 
heat insulator is reduced with respect to the depletion, 
deterioration and pulverization during the use thereof, 
while maintaining excellent insulating characteristics. 
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Description 

Field of the Invention 

[0001 ] The present invention relates to carbonaceous 
heat insulators and, particularly, to a composite carbon- 
aceous heat insulator suitable for use in a furnace such 
as a monocrystal pulling-up furnace or ceramic sintering 
furnace and a method of making the insulator. 

Background of the Invention 

[0002] The carbonaceous fiber heat insulator has ex- 
cellent heat insulation and low heat capacity and is used 
widely as a heat insulatorfor a high temperature furnace 
such as a monocrystal pulling-up furnace, vacuum dep- 
osition furnace, or ceramic sintering furnace. 
[0003] Most of such a carbonaceous fiber heat insu- 
lator is made by molding. See Japanese patent applica- 
tion Kokai No. 50-35930. The molded heat insulator is 
made by impregnating a carbonaceous fiber felt with a 
resin having a high carbonization rate, laminating and 
compressing the felt to form a molded material, and car- 
bonizing the molded material to give it an independent 
shape. 

[0004] The carbonaceous fiber heat insulator with- 
stands high temperatures up to 3000 degrees C in an 
inert atmosphere for its high heat resistance and low va- 
por pressure. In the practical atmosphere, however, the 
carbon fibers of the heat insulator wear and deteriorate 
by reaction with the oxidizing and/or metallic gases gen- 
erated in the furnace. In the ceramics sintering or silicon 
monocrystal pulling-up furnace, for example, the car- 
bonaceous fibers react with the gasses, such as silicon 
oxide (SiO), generated in the furnace and wear and be- 
come brittle and powder, with the metal adhering to the 
fiber surfaces. Under such conditions, the carbona- 
ceous fiber heat insulator not only has poor heat insu- 
lation and useful life but also produces fine carbon dust 
in the furnace, contaminating the product. 
[0005] For this reason, the heat insulator for the sili- 
con monocrystal pulling-up furnace is housed in a 
graphite case to keep the generated gases from con- 
tacting with the heat insulator. The heat capacity of the 
graphite case, however, is so high that the thermal effi- 
ciency and operation rate of the furnace become low. 
[0006] To solve such a problem, it has been proposed 
to form a thermally decomposed carbon film on the sur- 
face of porous carbonaceous felt or impregnating a car- 
bonaceous felt with a thermally decomposed carbon to 
provide a carbonaceous fiber heat insulator. See Japa- 
nese patent application Kokai No. 1-167210. 
[0007] In the method of JP'210, however, if the 
amount of thermally decomposed carbon impregnated 
is too large, the carbonaceous fiber heat insulator has 
low heat insulation. Also, if a film of the thermally de- 
composed carbon is formed on the surface, the amount 
of carbon impregnated is so small that the depletion and 
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pulverization of the heat insulator become large. 
[0008] Accordingly, it is an object of the invention to 
provide a carbonaceous heat insulator with low deple- 
tion, deterioration, and pulverization in use and high 
5 heat insulation and a method of making it. 

Disclosure of the Invention 

[0009] According to the invention there is provided a 
*o composite carbonaceous heat insulator comprising a 
carbonaceous heat-insulating member having a bulk 
density of 0.1 to 0.4 g/cm 3 ; a carbonaceous protecting 
layer made by penetrating a thermally decomposed car- 
bon into a carbon fiber structure and having a bulk den- 
15 sity of 0.3 to 2.0 g/cm 3 ; and a thermally decomposed 
carbon coating layer having a bulk density higher than 
that of the carbonaceous protecting layer, wherein the 
carbonaceous protecting layer is joined with at least part 
of a surface of the carbonaceous heat-insulating mem- 
ber to form a joined body; the thermally decomposed 
carbon coating layer is formed on at least a face of the 
carbonaceous heat-insulating member of the joined 
body. 

[0010] It is preferred that the composite carbona- 
ceous heat insulator further comprises a dense carbon- 
aceous intermediate layer between the carbonaceous 
heat-insulating member and the carbonaceous protect- 
ing layer of the joined body. 

[001 1 ] Also, it is preferred that the composite carbon- 
aceous heat insulator further comprises a dense car- 
bonaceous surface layer between the thermally decom- 
posed carbon coating layer and the carbonaceous heat- 
insulating member. 

[0012] The dense carbonaceous intermediate and 
surface layers are made by forming a dense carbon 
forming composition consisting of a graphite flake and 
a binder component able to be carbonized by heat and 
carbonizing the composition. 

[0013] According to another aspect of the invention 
there is provided a method of making the composite car- 
bonaceous heat insulator, which comprises the steps of 
joining the carbonaceous protecting layer made by pen- 
etrating the thermally decomposed carbon into the car- 
bon fiber structure to at least part of a surface of the 
carbonaceous heat-insulating member made of a car- 
bon fiber molding to form a joined body; and form the 
thermally decomposed carbon coating layer on at least 
a face of the carbonaceous heat-insulating member or 
a face of the carbonaceous he at- insulating member 
and/or the carbonaceous protecting layer. Alternatively, 
the thermally decomposed coating layer is formed on 
the carbonaceous heat-insulating member after the 
dense carbon surface layer is formed. 
[001 4] According to still another aspect of the inven- 
tion there is provided a method of making a composite 
carbonaceous heat insulator, comprising the steps of 
joining the carbonaceous heat-insulating member made 
of a carbon fiber molding and the carbon fiber structure 
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to form a joined body, forming a dense carbonaceous 
surface layer on a surface of the carbonaceous heat- 
insulating member and forming the thermally decom- 
posed carbon coating layer on a surface of the carbon- 
aceous heat-insulating member while penetrating the 
terminally decomposed carbon into the carbon fiber 
structure. 

[0015] According to the invention, the carbonaceous 
heat-insulating member with low bulk density maintains 
the heat insulation while the carbonaceous protecting 
layer with high bulk density suppresses the depletion, 
deterioration, and pulverization during the use. The ther- 
mally decomposed carbon penetrates into the carbon- 
aceous protecting layer so that the reactive gases hardly 
enter and the reaction resistance is high. Since the ther- 
mally decomposed carbon coating layer covers the sur- 
face, the composite carbonaceous heat insulator is re- 
duced in the depletion and deterioration and spread of 
the carbon powder is prevented. 



Description of the Preferred Embodiments 

[0016] The composite carbonaceous heat insulator 
according to the invention comprises a carbonaceous 
heat-insulating member, a carbonaceous protecting lay- 
er made by penetrating a carbon fiber structure with 
thermally decomposed carbon, and a thermally decom- 
posed carbon coating layer having a bulk density higher 
than that of the carbonaceous protecting layer. The car- 
bonaceous protecting layer is joined with at least a part 
of the carbonaceous heat-insulating member to form a 
joined body such that the thermally decomposed carbon 
coating layer is formed on at least the carbonaceous 
heat-insulating member. 

[0017] It is preferred that the carbonaceous heat-in- 
sulating member and the carbonaceous protecting layer 
are joined via a dense carbonaceous intermediate layer 
having low gas permeability. 

[0018] The carbonaceous heat-insulating member is 
any porous carbonaceous material having a low bulk 
density. A preferred example is a carbon fiber molded 
heat-insulating material. 

[0019] The carbon fiber molded heat-insulating mate- 
rial is made by penetrating a felt of carbon fiber, such 
as pitch carbon fiber, rayon carbon fiber, or polyacrylo- 
nitrile carbon fiber, with a binder, such as phenol resin, 
or furan resin, and molding and hardening the felt, car- 
bonizing the binder to join the carbon fibers with the 
binder carbide. 

[0020] The carbonaceous heat-insulating member 
should have a bulk density of 0.1-0.4 g/cm 3 in view of 
the heat insulation, strength, and plasticity. If the bulk 
density is lower than the lower limit, the strength and 
plasticity become poor while, if it is higher than the high- 
er limit, the heat insulation is lowered. For the heat in- 
sulation and thermal capacity, it is preferred that the bulk 
density is in the range between 0.13 and 0.3 g/cm 3 
[0021] The carbonaceous protecting layer is made by 



penetrating the thermally decomposed carbon into the 
carbon fiber structure. The "carbon fiber structure" here- 
in used means a porous structure made of carbon fiber. 
An example of the carbon fiber structure is a molded 
5 body made by impregnating a carbon fiber felt or cloth 
with a binder, such as a phenol resin, to join the carbon 
fibers with the resin binder, providing a molded body, 
heating the molded body to carbonize the binder, joining 
the carbon fibers with the binder carbide. The preferred 
10 carbon fibers are the same as those of the carbon fiber 
molded heat-insulating material. The thermally decom- 
posed carbon is penetrated into the carbon fiber struc- 
ture by heating the carbon fiber structure to tempera- 
tures between 800 and 2000 degrees C, bringing it into 
is contact with a hydrogen carbide gas of a 1 - to 6-carbon 
chain or ring, depositing the carbon produced by thermal 
decomposition in a gaseous phase on the surfaces of 
the carbon fibers of the carbon fiber structure. This 
method is well known as chemical vapor deposition 
20 (CVD). 

[0022] It is preferred that the bulk density of the car- 
bonaceous protecting layer is in the range between 0.3 
and 2.0 g/cm 3 . When the bulk density is below 0.3 g/ 
cm 3 , the amount of thermally decomposed carbon pen- 

25 etrated is too small to keep the carbonaceous heat-in- 
sulating material from reacting with the furnace gases 
while when the bulk density is above 2.0 g/cm 3 , not only 
it takes too long to penetrate the thermally decomposed 
carbon but also the carbonaceous protecting layer can 

30 be cracked. It is more preferred that the bulk density of 
the carbonaceous protecting layer is in the range be- 
tween 0.4 and 1 .5 g/cm 3 . 

[0023] It is preferred that the thickness of the carbon- 
aceous protecting layer is in the range between 0.5 and 

35 15 mm. If the thickness is below the lower limit, the pro- 
tective layer does not work while if it is above the upper 
limit, the heat insulation is lowered and the weight of the 
heat-insulating material becomes so large that the ther- 
mal efficiency of the furnace in raising and lowering the 

40 temperature is decreased. The more preferred thick- 
ness of the carbonaceous protecting layer is in the range 
between 1 and 10 mm. 

[0024] The carbonaceous heat-insulating member 
and the carbonaceous protecting layer are joined to pro- 
45 vide the composite carbonaceous heat insulator. It is 
preferred that the carbonaceous heat-insulating mem- 
ber and the carbonaceous protecting layer are joined 
via a dense carbonaceous intermediate layer through 
which no gas can pass. The dense carbonaceous inter- 
so mediate layer is made by, for example, carbonizing a 
dense carbon forming composition consisting of a 
graphite flake and a binder capable of being carbonized 
by heat. More specifically, it is made by coating the 
dense carbon forming composition on the joint between 
55 the carbonaceous heat-insulating member and the car- 
bonaceous protecting layer to bond them and heating it 
to carbonize the binder component, forming the dense 
carbonaceous intermediate layer between the carbon- 
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aceous heat-insulating member and the carbonaceous 
protecting layer. Alternatively, it is made by bonding the 
carbonaceous heat-insulating member and the carbon- 
aceous protecting layer with a binder, such as a phenol 
resin or furan resin, and heating it to carbonize the bind- 5 
er for porous bonding. 

[0025] The preferred binder component is a phenol or 
furan resin that has a high carbonization rate. The dense 
carbon forming composition may contain a solvent, such 
as an alcohol or ketone, for solving the binder compo- 10 
nent. The dense carbon forming composition may con- 
tain carbon powder in addition to graphite flake. When 
it is coated on the carbonaceous heat-insulating mem- 
ber, the graphite flake is oriented in parallel to the sur- 
face of the carbonaceous heat-insulating member to '5 
promote the density, increasing the heat insulation and 
gas impermeability of the dense carbonaceous interme- 
diate layer. The preferred diameter of the graphite flake 
is in the range between 1 and 200 ^.m, and the amount 
mixed with 1 00 parts by weight of the binder component 20 
is 20 to 300, preferably, 30 to 200 parts by weight. 
[0026] The composite carbonaceous heat insulator is 
made by forming, by CVD, a thermally decomposed car- 
bon coating layer on the surface of at least the carbon- 
aceous heat-insulating member of the joined body. It is 25 
preferred to coat and carbonize the dense carbon form- 
ing composition on the surface of the carbonaceous 
heat-insulating member to form the dense carbona- 
ceous surface layer and form the thermally decomposed 
carbonaceous coating layer on the dense carbona- 30 
ceous surface layer. The dense carbonaceous surface 
layer prevents the thermally decomposed carbon from 
penetrating into the carbonaceous heat-insulating 
member to form efficiently the thermally decomposed 
carbon coating layer only on the surface. 35 
[0027] Alternatively, the composite carbonaceous 
heat insulator is formed by joining the carbonaceous 
heat-insulating member and the carbon fiber structure 
to form a joined body and forming a thermally decom- 
posed carbon coating layer on the surface of the car- 40 
bonaceous heat-insulating member while penetrating 
the thermally decomposed carbon into the carbon fiber 
structure to form a protective layer. In this method, gen- 
eration of the thermally decomposed carbon by CVD is 
employed only once. 45 
[0028] The preferred thickness of the thermally de- 
composed carbon coating layer is in the range between 
50 and 500 p.m. 

[0029] The dense carbonaceous surface layer and 
the dense carbonaceous intermediate layer prevent the 50 
thermally decomposed carbon from penetrating into the 
carbonaceous heat-insulating member during the gen- 
eration of the thermally decomposed carbon. It is pre- 
ferred that the bulk density of the dense carbonaceous 
surface and intermediate layers is at least 1 .5 g/crrr 3 . 55 
[0030] Coating the entire surface of the carbonaceous 
heat-insulating member with the thermally decomposed 
carbon coating layer facilitates vacuum operation of the 
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vacuum furnace or prevents deformation of the heat-in- 
sulating member caused by expansion and contraction 
of the gases within the heat-insulating member, making 
it possible to provide perforations in the composite car- 
bonaceous heat insulator up to the carbonaceous heat- 
insulating member. 

<Examples> 

[0031] A molded heat-insulating material (carbona- 
ceous heat-insulating member) made of a pitch carbon 
fiber felt (100 mm wide x 100 mm long x 35 mm thick) 
having a bulk density of 0.16 g/cm 3 and a carbon fiber 
felt (5 mm thick) impregnated with 1 0 parts by weight of 
phenol resin for 1 00 parts by weight of the felt (carbon 
fiber structure) are joined by a dense carbon forming 
composition consisting of a graphite flake, furan resin, 
and a solvent to provide a joined body. The dense car- 
bon forming composition is coated over the entire sur- 
face of the molded heat-insulating member of the joined 
body. After hardened, it is carbonized to form the dense 
carbonaceous intermediate and surface layers. 
[0032] Then, the thermally decomposed carbon coat- 
ing layer is formed by CVD on the dense carbonaceous 
surface layer while the thermally decomposed carbon is 
penetrated into the carbon fiber felt to form the carbon- 
aceous protecting layer for providing the composite car- 
bonaceous heat insulator. 

[0033] In the resulting composite carbonaceous heat 
insulator, the 5-mm felt layer (protective layer) contained 
the thermally decomposed carbon penetrated and the 
carbon fibers had a coating having a thickness of 10 to 
20 mm consisting of a plurality of concentric layers. The 
bulk density of the felt layer (protective layer) was 0.8 
g/cm 3 . The carbonaceous heat-insulating member had 
little thermally decomposed carbon penetrated thereinto 
and, on the surface, a thermally decomposed carbon 
coating having a thickness of 30 to 50 
[0034] The heat-insulator was tested in the electric 
furnace at 600 degrees C with an air flow (2 LVmin) for 
oxidation resistance. 

[0035] The following heat insulators were tested for 
comparison. 

[0036] Heat insulator (a): A molded heat insular that 
is the same as the carbonaceous heat-insulating mem- 
ber. 

[0037] Heat insulator (b): The dense carbon forming 
composition is coated on the heat insulator (a). After 
hardened, it is carbonized to form only the dense car- 
bonaceous surface layer. 

[0038] The results showed that the time when the 
weight reduction by oxidation of the composite carbon- 
aceous heat insulator reached 10% is approximately 10 
times the time of the heat insulator (a) and approximate- 
ly five times the time of the heat insulator (b), confirming 
that the composite carbonaceous heat insulator had 
high oxidation resistance. 
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Applicability to Industries 

• [0039] As has been described above, the composite 
carbonaceous heat insulator according to the invention 
comprises the carbonaceous heat-insulating member 
having a bulk density of 0.1 to 0.4 g/cm 3 , a carbona- 
ceous protecting layer having a bulk density of 0.3 to 2.0 
g/cm 3 made by penetrating the thermally decomposed 
carbon into the carbon fiber structure, and a thermally 
decomposed carbon coating layer having a bulk density 
higher than that of the carbonaceous protecting layer 
such that the carbonaceous protecting layer is joined 
with at least a part of the surface of the carbonaceous 
heat-insulating member to form a joined body and the 
thermally decomposed carbon coating layer is formed 
at least on the carbonaceous heat-insulating member 
so that the carbonaceous heat-insulating member with 
a low bulk density keeps the heat insulation character- 
istic while the carbonaceous protecting layer with high 
bulk density suppresses the depletion, deterioration, 
and pulverization of the carbonaceous heat-insulating 
member. The thermally decomposed carbon coating 
covers the surface of the composite carbonaceous heat 
insulator so that the depletion and deterioration of the 
composite carbon heat insulator are reduced and 
spread of the carbon power is prevented. 



Claims 

1 . A composite carbonaceous heat insulator compris- 
ing: 

a carbonaceous heat- insulating member hav- 
ing a bulk density of 0.1 to 0.4 g/cm 3 ; 
a carbonaceous protecting layer made by pen- 
etrating a thermally decomposed carbon into a 
carbon fiber structure and having a bulk density 
of 0.3 to 2.0 g/cm 3 ; and 

a thermally decomposed carbon coating layer 
having a bulk density higher than that of said 
carbonaceous protecting layer, wherein 
said carbonaceous protecting layer is joined 
with at least part of a surface of said carbona- 
ceous heat-insulating member to form a joined 
body; 

said thermally decomposed carbon coating lay- 
er is formed on at least a face of said carbona- 
ceous heat-insulating member of said joined 
body. 
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cording to claim 1 or 2, which further comprises a 
dense carbonaceous surface layer between said 
thermally decomposed carbon coating layer and 
said carbonaceous heat- insulating member. 

. The composite carbonaceous heat insulator ac- 
cording to claim 2, wherein said dense carbona- 
ceous intermediate layer is made by forming a 
dense carbon forming composition consisting of a 
graphite flake and a binder component able to be 
carbonized by heat and carbonizing said composi- 
tion. 

The composite carbonaceous heat insulator ac- 
cording to claim 3, wherein said dense carbona- 
ceous surface layer is made by forming a dense car- 
bon forming composition consisting of a graphite 
flake and a binder component able to be carbonized 
by heat and carbonizing said composition. 

The composite carbonaceous heat insulator ac- 
cording to one of claims 1-5, wherein said carbon- 
aceous protecting layer has a thickness of 0.5 to 1 5 
mm. 

The composite carbonaceous heat insulator ac- 
cording to one of claims 1 -6, wherein said thermally 
decomposed coating layer has a thickness of 50 to 
500 uj7i. 

A method of making the composite carbonaceous 
heat insulator according to claim 1 , which compris- 
es the steps of: 

forming said dense carbonaceous surface lay- 
er on a surface of said carbonaceous heat- in- 
sulating member made of carbonaceous po- 
rous body; and 

forming said thermally decomposed carbon 
coating layer. 

The method according to claim 8, which further 
comprises the steps of: 

forming said joined body into a predetermined 
shape; and 

forming said thermally decomposed carbon 
coating layer. 



2. The composite carbonaceous heat insulator ac- 
cording to claim 1 , which further comprises a dense 
carbonaceous intermediate layer between said car- 
bonaceous heat-insulating member and said car- 
bonaceous protecting layer of said joined body. 

3. The composite carbonaceous heat insulator ac- 
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